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THE NATIONAL BUKEAU OF STANDARDS

Functions and Activities

The functions of the National Bureau of Standards are set forth in the Act of Congress, March

3, 1901, as amended by Congress in Public Law 619, 1950. These include the development and

maintenance of the national standards of measurement and the provision of means and methods

for making measurements consistent with these standards; the determination of physical constants

and properties of materials; the development of methods and instruments for testing materials,

devices, and structures; advisory services to Government Agencies oti scientific and technical

problems; invention and development of devices to serve special needs of the Government; and the

development of standard practices, codes, and specifications. The work includes basic and applied

research, development, engineering, instrumentation, testing, evaluation, calibration services, and

various consultation and information services. A major portion of the Bureau's work is jierformed

for other Government Agencies, particularly the Department of Defense and the Atomic Energy

Commission. The scope of activities is suggested by the listing of divisions and sections on the

inside of the back cover.

Reports and Publications

The results of the Bureau’s work take the form of either actual equipment and devices or

published papers and reports. Reports are issued to the sponsoring agency of a particular project

or program. Published papers appear either in the Bureau’s own series of publications or in the

journals of professional and scientific societies. The Bureau itself publishes three monthly peri-

odicals, available .from tin* Government Printing Office: The Journal of Research, which presents

complete papers reporting technical investigations; the Technical News Bulletin, which presents

summar) and preliminary reports on work in progress; and Basie Radio Propagation Predictions,

which provides data for determining the best frequencies to use for radio communications throughout

the world. There are also five series of nonperiodieal publications: The Applied Mathematics

Series, Circulars, Handbooks, Building Materials and Structures Reports, and Miscellaneous

Publications.

Information on the Bureau’s publications can be found in NBS Circular 460, Publications of

the National Bureau of Standards ($1.25) and its Supplement ($0.75), available from the Superin-

tendent of Documents, Government Printing Office, Washington 25, D. C.

Inquiries regarding the Bureau’s reports should he addressed to the Office of Technical Informa-

tion, National Bureau of Standards. Washington 25. D. C.
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QUARTERLY REPORT
ON

EVALUATION OF REFRACTORY QUALITIES OF
CONCRETES FOR JET AIRCRAFT WARM-UP, POWER CHECK,

MAINTENANCE APRONS, AND RUNWAYS

1. INTRODUCTION

This phase of the project includes the determination of the

cause or causes of failure that occur in concrete aprons and

runways exposed to jet exhaust gases. A combustion chamber that

delivers hot gases at velocities and temperatures approximating

those of field conditions is being used. The approach includes

instrumentation of the concrete test panels to determine the

heat gradients and stresses set up during flame impingement at

several locations on the test area and at varying depths below

the surface.

2. ACTIVITIES

2.1 X-ray Examination of Neat Cements

No additional data on X-ray examination of neat cements,

heated at progressively higher temperatures, have been collected.

All samples have been prepared but personnel has not been

available for making X-ray examinations.

2.2 Water in Concrete During Curing and Drying

The drying of the set of five tiles, 3" x 3" by four inches

in depth, described in N«BoS. Report 5855 has been continued.

Data covering the first 161 days drying period, at 35 percent

relative humidity and 77°F was given in Figure I of N.B.S.

Report 5961. Data for an additional drying period of approximately

100 days appear in Table I.
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The distribution of water, as indicated by the relative

humidity at three depths has changed very little in the last 100

days drying but the relative humidity values, at the top

position, have decreased from 9 to 14 percents

As shown in Table I, the humidity at the top position of

the tile is approaching the humidity of the drying chamber and

the lower limit of the hygrometers in use, 41 percent. This

lower limit ha-1
.? Icon leached for the top position of two tile

and further reading at this position have been discontinued.

The correlation of the relative humidity, in the mid-cavity,

with water loss for the whole specimen, shown in Figure I of

N e B.S. Report 5855 continues in a straight line relation. The

relative humidity at mid-point ranges from 57 to 63 percent and

the percent loss of water (based on that present after 28 day

fog-room curing) ranged from 4.38 to 5.35 percent.

Table I

Relative Humidity at Three Depths
from Exposed Face of 3x3x4 inch Tile

Tile
Relative Humidity Weight Loss—

^

07
- - /O ---

Drying Interval
DaysBottom Middle . To 2_

P-B-B 61,50 6 3.35 45.50 4.78 259

P-B-T 66*63 58.90 44.41 5.07 259

P-B-P 62.90 57.60 45 u 10 5 a 3 5 266

P-B-T s 66.80 57,00 43.91 4.79 245

P-B-Tu 61.10 62,00 47.60 4.38 266

—
^ This weight loss is attributed to water loss and is based on

weight of tile out of fog room after 28 days curing
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2.3 Vacuum Processed Concrete

In comparing the permeance of concrete, evacuated immediately

on placing with concrete placed in the conventional way, using

the method described in A.S.T»M e Designation E96-55T, no

difference was found. As yet we have not been successful in

identifying the presence of elongated open end pores that were

predicated to have been formed by the evacuation process,

2.4 Sources of Diabase

Four of the test panels designed with diabase from the

New York district were subjected to the jet impingement test.

The design of these concretes, from which the panels were

fabricated, was given in Table III of N.B.S. Report 5951. The

panels were fog-room cured for 28 days and stored for either

14, 21, 28 or 35 days before testing. The results of the

tests are given in Table II.

The values for spalling loss were approximately equal to

those for panels designed with Virginia diabase. The jet

impingement test results for Virginia diabase were given in

Table I of N.B.S. Report 5353.

X-ray and petrographic examination of the New York deposits

of diabase have been completed. As shown in Figure 1 of N.B.S,

Report 4869 and Figure 2 of Report 5961, the New York diabase

was similar to the Virginia diabase mine ra logical ly with no

quartz observed. The thermal expansion for temperatures up

to 800°C was determined on samples from both deposites. Figure 1.
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The thermal expansion curves were smooth with the exception of

an increase in slope in the temperature range from 550 to G25°C«

The temperature range of this increase in slope extends above

that ordinarily obtained for crystalline quartz.

Table II

Spalling Loss of Panels During Jet Impingement

r< , 1 /Concrete-
i r ~

2 /ing Time-
Days

Total Water-'
Percent

r~
4 /Spalling Loss—

cc
. .

P-D i-NY-1 14 7.,70 266 .

2

2 21 7 r 34 312.2

3 28 o*

—

joo 261.3

3 5 7*83 111.54

The four panels were fabricated from the same concrete mix,

Portland cement and New York diabase aggregate..

2 /— All panels were sealed on all but one 18 x 18 inch face, the

test face, after removal from fog-room.

3 j Mixing water plus that absorbed during fog-room curing minus-

that evaporated during storage o Since the panels were

fabricated from the same mix the mixing water was the same.

The difference in final values was caused by absorption

during curing and desorption during storage.

4 /— Sand volume method.
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2.5 Steam Curing and Jet Impingement

Jet impingement tests have been made on three panels

fabricated from concrete using Virginia diabase aggregate and

similar in design to those previously tested. These panels

were stripped four hours after fabricating and placed in a

humidity chamber that approached 100 percent in less than one

hour. The panels were cured at three different top temperatures

80, 90, and 100
<

‘T n The interval necessary to reach these

temperatures wu 8, 10 and 16 hours respectively. This

temperature x^ras measured at the middle of the panel; i.e.

three inch depth* The panels were allowed to cool to ambient

temperature and immediately subjected to the jet impingement test

The results of these tests, together with other data on curing

and testing, appear in Table III.

Two additional panels were fabricated similar in design

to the aforementioned test panels. These panels were stripped,

as were the others, four hours after placing. After stripping

they were placed under an insulated metal hood that was

continually charged with live steam from a supply at 10 psi

for one and one-half hours. The center of these panels (three

indies below test surface) reached 100°C in three hours. They

were allowed to cool to ambient temperatures and subjected to

the jet impingement test. The results of these tests appear

in Table III
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The losses shown in Table III xrere either none or too small

to be measured accurately by the sand volume method. Panel

P-D i-1 showed no evidence of damage as a result of three tests.

During the first test, temperature on the surface and within the

panel were considerably lower than those indicated for panels that

had been conventionally cured. These temperatures were somewhat

higher when this panel was retested after a drying period of

14 days. Panel temperatures were somewhat lower for the other

steam cured panels

.

This resistance to explosive spalling may be explained by

(a) development of a more permeable pore structure; (b) improve-

ment in early strength due to steam curing; (c) a cooling effect

caused by the egress of steam toward the heated surface, some-

times described as "sweat cooling."

2.6 Miscellaneous

The Masters Builders Company submitted three panels to be

subjected to our jet impingement tests These panels x^ere

fabricated with a one inch topping of a proprietary concrete,

using crushed iron millings as the aggregate. This topping was

placed on a conventional concrete base. Two of the panels x^hen

fabricated were instrumented for temperature measurements in

accordance with our method. They xrere subjected to our jet

impingement test after seven-day fog-room curing and 21 days

storage at 50% rh arid 73°F. The temperature, recorded during

the jet tests, on the face of the test areas or at varying depths

below this face were not affected by the type of aggregate used.
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Two of the test panels, the instrumented panels, withstood the

jet test without loss. The third non-inst rumente d pane]

failed appreciably (in progressive layers that were somewhat

thinner than for the other concretes)!

Twenty-four hundred pounds of diabase aggregate from the

Centerville, Virginia deposite was shipped to the U. S« Naval

Civil Engineering Research and Evaluation Laboratory,

Construction Battalion Center, Port Rueneme, California.

Lite nature

Crystal Chemistry of Hydrous Calcium Silicates: III,

Morphology and Other Properties of Tobermorite and Related Phases.

G. L* Kalousek and Albert F. Prebus, J.A.C.S., Vol. 41,

No. 4, April IS 58,

Three very similar hydrous calcium silicates serve as

binders for, or are closely related to the bonding material of,

autoclaved and moist-air-cured concrete have been differentiated

by electron microscopy, X-ray diffraction, differential thermal

analysis, infrared absorption, degree of stability to the

acetoacetic ester, and oxide composition. Tobermorite,

4-5 CaO . 5S 10,, . 5H o 0 3
is the binder of properly autoclaved

concrete and related products.

Properties of Portland Cement Pastes Cured at Elevated

Temperatures and Pressures

»

N. C. Ludwig and S „ A. Pence, J.a.CoI., 1955, 52 (6)

pp. 673-87
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The effects of curing at elevated temperatures and

pressures on the physical properties of hardened neat cement

pastes. Data is included on the heat of hydration, non-

evaporable water content, permeability to water at 80 to 400°F

at pressures from atmospheric to 7500 psi at ages from 12 hours

to 7 days.

The non-e vaporable water decreased slightly at temperatures

in excess of 220 F. The water permeability of hardened cement

pastesrwas found to be quite low for curing temperature up to

160°F. Above this temperature permeability increased rapidly

but strength decreased.
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FIG. I THERMAL EXPANSION OF TWO DIABASES
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